METHOD FOR DIAGNOSING INCORRECT VALVE LIFT ADJUSTMENT IN 
AN INTERNAL COMBUSTION ENGINE 

CLAIM FOR PRIORITY 
This application claims priority to German Application 
No. 10230899.3, which was filed in the German language on 
July 9, 2002. 

TECHNICAL FIELD OF THE INVENTION 
The present invention relates to a method for diagnosing 
a defect in an adjustment mechanism, and in particular, 
for adjusting the valve lift of at least one inlet valve 
in an internal combustion engine, the operation of which 
is regulated by an operation control device. 

BACKGROUND OF THE INVENTION 
Internal combustion engines with inlet valves, the valve 
lift of which can be adjusted continuously or discretely 
by means of an adjustment mechanism, are used with 
increasing frequency in vehicles, see for example DE 195 
20 117 and MTZ Motortechnische Zeitschrift (Automotive 
Engineering Magazine) 61 (2000) 11, pages 730-743. In 
this case, the adjustment mechanism can become defective 
resulting in the valve lift obtained not as expected. 
This error results in an increase in pollutant emissions 
and a corresponding discrepancy between the required 
torque and the torque actually delivered. This situation 
can be identified using a valve lift sensor. However an 
additional sensor of this kind requires a corresponding 
outlay. 

SUMMARY OF THE INVENTION 
The present invention discloses a method for diagnosing 
incorrect valve lift adjustment of an inlet valve in an 
internal combustion engine, which does not require a 
valve lift sensor. 



In one embodiment of the present invention, certain 
operating parameters of the internal combustion engine 
are set to a target value, for example a constant target 
value, in the event of actual adjustment of the valve 
lift by the operation control device, but in the event of 
a defect in the adjustment mechanism, the operating 
parameters differ significantly from the target value, 
when a valve lift adjustment is triggered but not 
executed. The operation control device can then deduce a 
defect in the adjustment mechanism on the basis of such a 
discrepancy between this operating parameter and the 
target value. 

The preferred operating parameter for this purpose is the 
air/ fuel ratio (lambda) . If, for example, the operation 
control device triggers the adjustment mechanism, to 
switch from a small valve lift to a large valve lift, and 
no valve lift adjustment is made in this situation due to 
a defect in the adjustment mechanism, the operation 
control device will execute the fuel injection operation 
according to the target values for the large valve lift. 
As the inlet valve in its smaller valve lift position 
admits a correspondingly smaller quantity of air into the 
associated cylinder, a richer air/fuel ratio will be 
obtained. This change in the air/ fuel ratio is identified 
by the existing lambda probe and the operation control 
device deduces a defect in the adjustment mechanism from 
this. It is clear that in principle the same method 
applies, when the operation control device switches from 
a large valve lift to a small valve lift. 

As mentioned above, the air/ fuel ratio in particular is a 
suitable operating parameter to monitor for the diagnosis 
according to the invention, as an incorrect valve lift 
adjustment can be identified particularly clearly from a 
change in the air /fuel ratio. However, other operating 
parameters, for example suction pipe pressure, mass air 
flow, engine speed or torque, can also be used as 
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operating parameters for the diagnosis according to the 
invention, as these operating parameters also change when 
valve lift adjustment is triggered but not executed. 
However, monitoring the air/ fuel ratio is preferred 
5 because it is more reliable. 

In the case of a multi -cylinder internal combustion 
engine, the invention can be implemented individually for 
each cylinder, so that each individual adjustment 
10 mechanism can then be diagnosed. 

The diagnosis method according to the invention can be 
used with internal combustion engines with both 
continuous and discrete valve lift adjustment. It is 
15 preferably used with internal combustion engines with 

discrete valve lift adjustment, as in this case a defect 
in the adjustment mechanism results in a sudden change in 
the monitored operating parameter. 

20 When the operation control device identifies a defect in 
the adjustment mechanism, it proceeds to regulate the 
operation of the internal combustion engine according to 
the current valve lift of the inlet valve. 
Advantageously, it also activates an error display, so 

25 that any further switching attempts are prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Further details of the invention are described using the 
drawings, in which: 

30 

Fig. 1 shows an internal combustion engine with an 
operation control device. 

Fig. 2 is a flow diagram of an embodiment of the 
35 invention for diagnosing a defect in a valve lift 
adjustment mechanism. 
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DETAILED DESCRIPTION OF THE INVENTION 
Figure 1 shows a diagram of an internal combustion engine 
1 of the spark ignition type with a number of cylinders 2 
5 (of which only one is shown), an intake tract 3, an 

exhaust tract 4, an inlet valve 5, an outlet valve (not 
shown) , an actuator with an adjustment mechanism 6 for 
adjusting the valve lift of the inlet valve 5, an 
injection valve 7 for injecting fuel and a spark plug 8. 
10 There is also a lambda probe 9 in the exhaust tract 4 to 
detect the air/ fuel ratio (lambda value) . An additional 
sensor 10 is provided where necessary and can be 
configured as an engine speed or torque sensor. 

15 Operation of the internal combustion engine 1 is 

regulated by an operation control- device 11, which 
receives signals, as shown by broken lines, from the 
lambda probe 9 and where necessary the sensor 10 as well 
as from further sensors (not shown) and processes them to 

20 control commands, which are used to control activation of 
the inlet valve 5, the injection valve 7 and the spark 
plug 8, among other things. 

The adjustment mechanism 6 is for example configured so 
25 that it can adjust the inlet valve 5 between a small and 
large valve lift, in other words to execute a discrete 
valve lift adjustment. The operation control device 11 is 
designed so that it can diagnose a defect in the 
adjustment mechanism 6 as follows. 

30 

When the operation control device 11 transmits a control 
command to the adjustment mechanism, to switch the inlet 
valve 5 for example from the small valve lift to the 
large valve lift, and the adjustment mechanism 6 does not 
35 actually execute this valve lift adjustment due to a 
defect, the operation control device 11 does not 
initially identify this error in the absence of a 
corresponding valve lift sensor. The operation control 



device 11 therefore activates the injection valve 7, to 
inject a larger quantity of fuel to correspond to the 
large valve lift. However, as the inlet valve 5, which 
has remained in the small valve lift position, admits a 
correspondingly smaller quantity of air into the cylinder 
2, a richer air/fuel ratio is obtained in the cylinder 2. 
This change in the air/ fuel ratio is detected by the 
lambda probe 9, which transmits the changed lambda value 
to the operation control device 11. The operation control 
device 11 then identifies from a comparison of target and 
actual values for the air /fuel ratio that this has 
changed inadmissibly . From this the operation control 
device 11 deduces a defect in the adjustment mechanism 6. 

The operation control device 11 then changes the 
regulation of the internal combustion engine so that all 
actuators, including the actuator for the injection valve 
7 are triggered to correspond to the small valve lift of 
the inlet valve 5. The operation control device 11 also 
transmits an error signal to an error display 12, which 
informs the driver that a corresponding error has 
occurred. 

One example of the described method is shown in the flow 
diagram in Fig. 2. If the result of the inquiry in stage 
13 is that the valve lift has been changed, a timer or 
counter in the operation control device 11 is started 
(stage 14) . This opens up a time window of for example Y2 
to 1 sec, which corresponds to the maximum time required 
by the exhaust gas to travel the distance from the 
cylinder to the lambda probe. 

If the result of the inquiry according to stage 15 is 
that the lambda value has not changed suddenly, it is 
verified in stage 16 whether the timer or counter has 
expired. If not the routine reverts to stage 15. If the 
lambda value has not changed suddenly (stage 15) and the 
timer or counter has expired (stage 16), this means that 



6 



no error has occurred in the valve lift adjustment (stage 

17) . If, however, the result of the inquiry at stage 15 - 
within the time window - is that the lambda value has 
changed suddenly, this results as described above in an 

5 error input and a corresponding error response (stage 

18) . 

As stated above, a different operating parameter such as 
for example suction pipe pressure, mass air flow, engine 

10 speed or torque of the internal combustion engine 1 could 
be used for the diagnosis method described instead of the 
air/ fuel ratio. For this purpose, the signal of the 
sensor 10 or a different sensor would be used, which 
directly or indirectly identifies the relevant operating 

15 parameter. Otherwise, however, the diagnosis method 
operates as described above. 

If necessary the signals from the lambda probe and an 
additional sensor could also be used jointly in the 

20 diagnosis method. This could be advantageous for example 
for diagnosing an adjustment mechanism for continuous 
adjustment of the valve lift, with which a small 
triggered valve lift adjustment results in a 
correspondingly small discrepancy between the monitored 

25 operating parameter and a target value in the event of a 
defect . 



